Abstract
Introduction

23
Long chain alkenones, biolipids composed of predominantly C 37 -C 39 n-alkyl chains with 24 di-, tri-or tetra unsaturations and a keto functionality at position C-2 or C-3 (de Leeuw et al., to sea surface salinity (SSS) than SST. Despite these results, the correlation between salinity and %C 37:4 in surface water and sediment trap samples worldwide varies greatly and so there low salinity conditions. Consequently, it was suggested that the long chain alkenone 73 unsaturation ratio omitting C 37:4 (U K' 37 ) yields more accurate SST estimations when used in 74 lakes. However, recently a new index has been proposed for lacustrine, brackish and estuarine 75 settings that includes the C 37:4 alkenone and instead excludes C 37:2 (U K" 37 ; Zheng et al., 2016) .
76
This study suggests that the di-unsaturated alkenones play a less important role than the tri- showed that as salinity increased over the Holocene in the basin that the haptophyte 92 composition changed as well resulting in erroneous alkenone-derived SST estimates at times.
93
For the North Atlantic and Nordic Seas, Rosell-Melé (1998) observed that the %C 37:4 is 94 related to salinity as well as temperature changes.
95
In addition to these studies, culture experiments have been performed and confirm that 96 alkenone distribution patterns can vary with changing salinity and that this should be taken into account when using the alkenone unsaturation indices for SST reconstructions (Chu et al., salinity has an effect on alkenone distributions, but that other factors such as growth phase 100 and species composition also play a role in whether the long chain alkenone distributions are 101 affected by salinity. This culture study found a positive correlation between %C 37:4 and 102 salinity, however, they found growth phase has a larger effect on the %C 37:4 than salinity.
103
Further complicating the use of long chain alkenones for SST reconstructions, Ono et al.
104
(2012) established using culture experiments that salinity had an effect on alkenone 105 unsaturation ratios at 20°C, but not at 15°C.
106
In addition to looking at alkenone amounts and distributions to infer salinity changes,
107
culture studies have shown the hydrogen isotopic composition (δD) of long chain alkenones 108 strongly depends on salinity as well (Schouten et al., 2005 
Lipid extraction and analysis
232
The sediments were freeze dried and ground and homogenized by mortar and pestle 
Compound specific hydrogen isotope compositions
252
Alkenone hydrogen isotope analyses were carried out on a subset of the samples, i.e. 
Results
286
Phases of the Baltic Sea covered in the Arkona Basin record
287
The XRF (Ca) and LOI (TC) data were used to distinguish different phases captured
288
by each sediment core in this study ( representing the Ancylus Lake stage ( Fig. 2a ; Table 1 ). To obtain more information on 295 alkenone occurrence and distribution during the Ancylus Lake stage, we also studied samples 296 from another sediment core. This core (318340) includes the complete Yoldia Sea stage (11.6-297 10.6 cal kyr BP; 847.5-780.5 cm), the Ancylus Lake stage (10.6-7.7 cal kyr BP; 750.5-500.5 298 cm), and the Littorina Sea / Post Littorina Sea stage (7.2 -0 cal kyr BP; 400.5-0 cm) (Fig. 2b ).
299
We analyzed 14 sediment samples from this core spanning depths 840.5-400.5 cm ( Fig. 2b; 300 Table 1 ). 
Alkenone concentrations and distributions
302
Total alkenone concentrations were generally higher (i.e. 32±45 µg/g C;
303
average±standard deviation) in the brackish portion of the Arkona Basin record than for the 304 freshwater portion of the record (11±17 µg/g C; sediments from the brackish phase of the Baltic Sea, i.e. at 100 cm (0.9 cal kyr, BP) and 50 318 cm (0.4 cal kyr BP) depth (Fig. 3b-c) . For the Skagerrak surface sediments the alkenone 319 distribution is representative of a more open ocean setting (Fig. 3a) . The alkenone distribution 320 at 50 cm depth (Fig. 3b) is more similar to that of the Skagerrak sample than any of the other 321 alkenone distributions shown (Fig. 3d) , however, there are still a few differences between the explained by the fractional abundance of the C 36:2 alkenone, which scores negatively on PC2
331
( Fig. 4a) . Indeed, the score on PC2 significantly (r 2 = 0.77) negatively correlates with the 332 fractional abundance of the C 36:2 alkenone (Fig. 4f) . PC3 explains 18% of the variance with 333 the C 38 Et ketones scoring negatively on PC3 (Fig. 4c) . PC3 correlates significantly (r 2 = 0.77)
334
negatively with the summed fractional abundance of the C 38:3 and C 38:2 Et ketones (Fig. 4g ).
335
Most sediments score between -1 and +1 on PC2, however, the Skagerrak sediments phase (sediment core depths 400, 500 and 600 cm) plot more negatively on PC2 (ca. -3.2)
338
( Fig. 4b ). Fig. 5a shows the scores of PC1-3 plotted as a function of age. This reveals that the score on PC1 is mostly negative for sediments older than 7.2 cal kyr BP and is mostly positive 340 during the more recent phases of the Baltic Sea (after 7.2 cal kyr BP) (Fig. 5a ). The score on 341 PC2 consistently plots positively throughout the combined record from the Arkona Basin 342 except for the sediment depths that correspond to the Littorina Sea phase (sediment core 343 depths 400-600 cm from core 318310, which spans 7.1-3.7 cal kyr BP) and the end of the
344
Ancylus Lake phase (sediment core depth 400.5 cm in core 318340, which spans 7.1-3.7cal 345 kyr BP; Fig. 5a-b (Fig. 5a ). Two other core 318340 samples that plot slightly negatively for 346 PC2 are depths 480.5 cm (7.7 cal kyr BP) and 750.5 cm (10.6 cal kyr BP) (Fig. 5a) 
402
Some of these parameters were used to assign potential biological sources of the Baltic (Fig. 5d) . However, the C 37 and C 38 alkenones have substantially value of the C 36:2 alkenone is significantly higher than those of the C 37 and C 38 alkenones.
455
Since the δD value of the C 36:2 alkenone is close to that (-180‰) calculated for I. galbana fluctuating salinities ( Fig. 5d ; Table 2 ). The enrichment in the δD of the C 37 and C 38 alkenones 477 corroborates the contribution from non-marine haptophytes as well (Fig 6) Lastly, the higher %C 37:4 during the Ancylus Lake phase verifies that there was an increase in 508 freshwater haptophytes during this time. (i.e. 1%) and it increases towards the present day situation (Fig. 7a ). In conclusion, we note a 540 quite similar behavior for the fractional abundance of the C 36:2 alkenone in both enclosed Isochrysis-related haptophytes is detected (Fig. 7) . However, the C 36:2 alkenone also occurs
Comparison with the Holocene alkenone record of the Black Sea
557
(albeit at a substantially reduced fractional abundance) in more recent periods when only 558 ancient DNA of E. huxleyi is detected, suggesting that this haptophyte may also produce this is known that Denaturing Gradient Gel Electrophoresis (DGGE), the method used by Coolen
Combining the fractional abundance record of the C 36:2 alkenone (Fig. 7a) with the palaeosalinity record (Fig. 7c ) now makes it possible to determine the optimal salinity for the alkenone-producing haptophyte since when in recent times salinities drop to ca. 17 PSU, the 591 C 36:2 alkenone still remains a minor alkenone (Fig. 7) . maximum salinity is thought to be earlier even when we correct for the different age models.
607
Generally, it is believed that the Littorina phase of the Baltic Sea was more saline than the Interestingly, we observed that during the brackish phase the alkenone distribution at 641 0.9 cal kyr BP (100 cm depth) is unique compared to the other sediment samples (Fig. 3 
